We have a limited understanding of the relative contributions of different processes that regulate microbial communities, which are crucial components of both natural and agricultural ecosystems. The contributions of selective and neutral processes in defining community composition are often confounded in field studies because as one moves through space, environments also change. Managed ecosystems provide an excellent opportunity to control for this and evaluate the relative strength of these processes by minimising differences between comparable niches separated at different geographic scales. We use next-generation sequencing to characterize the variance in fungal communities inhabiting adjacent fruit, soil and bark in comparable vineyards across 1000 kms in New Zealand. By compartmentalizing community variation, we reveal that niche explains at least four times more community variance than geographic location. We go beyond merely demonstrating that different communities are found in both different niches and locations by quantifying the forces that define these patterns. Overall, selection unsurprisingly predominantly shapes these microbial communities, but we show the balance of neutral processes also have a significant role in defining community assemblage in eukaryotic microbes.
Introduction
Disentangling the processes regulating species' distributions makes a significant step towards achieving an integrated understanding of natural and managed ecosystems (Gaston, 2000) . A better understanding of the factors underpinning community structure also ensures greater accuracy for predictions concerning both species conservation and communities' fates under various environmental change scenarios (Fierer et al., 2003; Lennon and Jones, 2011; Ferrenberg et al., 2013) . Differences in the types and abundances of species in space may arise through both natural-selection-driven and non-selection driven processes, which are directly analogous to classic population genetic processes operating within species (Nemergut et al., 2013) . Selective processes may drive differences between communities through species sorting in response to local conditions (Fierer and Jackson, 2006; Hughes et al., 2008) ; non-selective processes may generate variation through a combination of other assembly processes including dispersal limitation, community drift and speciation (Fierer et al., 2003; Vellend, 2010; Hanson et al., 2012; Nemergut et al., 2013) . These non-selective processes-which we define here as 'neutral' processes-are considered in ecological neutral theories (Bell, 2001; Hubbell, 2005) and are predicted to produce variation in community structure through space without needing to invoke the actions of selection.
While we have a limited understanding of processes that drive broad community patterns for macrobes (Gaston, 2000; Wiens, 2011) , we have far less data on how these translate to microbial communities, which are crucial components of natural, agricultural and biotechnological ecosystems Van Der Heijden et al., 2008; Fuhrman, 2009; Hanson et al., 2012) . Due to their cryptic nature, it is relatively more challenging to examine patterns in microbial than macrobial communities. Massively parallel next-generation sequencing technologies have allowed significant leaps forward in the power with which we may sample microbial communities. These methods do not have the constraint of having to culture species to analyse them, but instead evaluate DNA directly isolated from the substrate of interest (Su et al., 2012; Kautz et al., 2013; Bokulich et al., 2014; Taylor et al., 2014) . So far, studies utilising these techniques are providing increasing evidence that many microbial communities are not homogenised through space, but display significant structure just like many plant and animal communities do (Martiny et al., 2006; Hanson et al., 2012; Nemergut et al., 2013) . These findings have principally been based on studies examining bacteria (Fierer and Jackson, 2006; Bryant et al., 2008; Fulthorpe et al., 2008; Lauber et al., 2009; Knief et al., 2010; Ghiglione et al., 2012) ; the relatively fewer studies examining eukaryotic microbes also show differential patterns of community composition in space (Dumbrell et al., 2010; Scheckenbach et al., 2010; Bokulich et al., 2014; Taylor et al., 2014) .
Early speculations concerning the forces that regulate microbial community composition are represented by the classic Baas Becking hypothesis 'everything is everywhere but the environment selects'. This suggests that, due to small individual sizes but large populations, dispersal is not limiting and that only selection due to environmental gradients accounts for differences in community structure (De Wit and Bouvier, 2006) . This idea directly informs a pervading view which implicitly assumes that the actions of natural selection dominate, and many microbial community ecology studies have correspondingly only attempted to evaluate the role of selection in community assemblage. Overall there has been less focus on testing whether microbial communities may become differentiated as a consequence of various neutral processes (Hanson et al., 2012; Nemergut et al., 2013) . While it is unrealistic to imagine that only one or the other of these 'selective' or 'neutral' processes are at play, it is not clear how important each process is in influencing any structure we observe. Consequently, without accounting for relative contribution of neutral processes we cannot assume the dominance of selection without empirically testing this first. In some sense the field could be considered in an analogous position to evolutionary biology before Gould and Lewontin's classic 'Spandrels' paper (Gould and Lewontin, 1979) which suggested that organisms' traits must be proved to have arisen via natural selection rather than assume they have.
The scant data attempting to disentangle these two drivers of microbial community composition are conflicting, and primarily come from studies with bacteria (Hanson et al., 2012) . Studies examining gastrointestinal and soil subsurface bacterial communities show the primacy of selection, but also indicate that neutral processes have a secondary role (Jeraldo et al., 2012; Stegen et al., 2012 Stegen et al., , 2013 Wang et al., 2013) . In contrast bacterial communities in wastewater plants appear primarily defined by neutral community assemblage (Ofit¸eru et al., 2010) , and neutral effects primarily influence desert photosynthetic bacterial assemblages (Caruso et al., 2011) . Dumbrell et al. (2010) evaluated the processes regulating the formation of soil arbuscular mycorrhizal fungal communities sampled less than 20 m apart, and showed these communities are shaped primarily by selection, but there was also a contribution from underlying neutral processes. However, we are unaware of any study that has tested and quantified the relative role of selection in defining eukaryotic microbial communities over larger scales, where processes like dispersal limitation and community drift may become increasingly important.
The difficulty facing studies attempting to separate and quantify the effects of neutral and selective processes as regulators of community structures is that as distance increases, environmental similarity often decreases. Thus, studies that sample across reasonable distances tend also to sample different environments, confounding one's ability to determine whether neutral or selective processes largely define any observed differences in communities (Bell, 2001; Chase and Myers, 2011; Ranjard et al., 2013) . So far statistical treatments have been developed to attempt to overcome this problem separating these effects (Dumbrell et al., 2010; Chase and Myers 2011; Stegen et al., 2012 Stegen et al., , 2013 .
Here we employ a complimentary but alternative approach and experimentally evaluate community diversity in three adjacent niches, within artificially managed ecosystems (vineyards), replicated across a range of spatial scales.
Vineyards naturally harbour a range of microbial taxa including diverse fungal communities (Bokulich et al., 2014; Pinto et al., 2014; Taylor et al., 2014) . The conserved design and management of vineyard ecosystems (which comprise the same clone of plant, with comparable associated habitats and niches) across large distances provide a powerful system to separately estimate the impact of selective and neutral processes. Within any one vineyard, there are no apparent barriers to prevent the mixing of species across physically adjacent niches through, for example, insect mediated dispersal (Buser et al., 2014) . At the same time, these niches are separated ecologically by multiple environmental gradients that provide an opportunity for selection to influence community composition. Such habitat comparisons are rarely possible using unmanaged ecosystems, which vary more greatly in space, and frequently compound extreme barriers to dispersal and environmental gradients.
Here, we use next-generation sequencing to evaluate 106 contemporaneous fungal communities inhabiting adjacent soil, bark and fruit niches across six New Zealand regions spanning a thousand kilometres. Using this design, we empirically test and compare the effect of both selective and neutral processes on community structure using permutational multivariate ANOVA of community dissimilarities. If selection dominates then communities will tend to differ more greatly between niches regardless of distance, and if neutral processes dominate then communities will tend to differ more greatly by distance regardless of niche. Here, we attempt a major step forward by not just robustly estimating whether any microbial community patterns exist, but going on to experimentally quantify the relative contributions of selective and neutral processes in defining community composition (Chase and Myers, 2011; Hanson et al., 2012) .
Materials and methods

Sampling and extraction
Approximately 30 g of vine bark, soil and ripe fruit were aseptically sampled from Vitis vinifera var. Sauvignon blanc vineyards across six regions of New Zealand: Hawkes Bay, Martinborough, Nelson, Central Otago and the Wairau and Awatere valleys in Marlborough. These regions span approximately 38°-45°S and 168°-177°E, around 1000 km NE to SW gradient (Figure 1b) . Six vineyards were selected in each region, and three sub-samples were taken evenly across each vineyard for each niche and pooled for a total of 108 samples (three niches sampled across 36 vineyards). All samples were taken at least 5 m from row ends to avoid edge effects. Soil samples were taken from directly under vines 50 cm away from the central trunk. All samples were taken approximately 2 weeks before harvest in April 2011 and transported to the laboratory in sterile containers on ice. Fruit samples were washed with 300 ml of sterile water to remove epiphytes and then centrifuged; the resulting pellet was re-suspended in 500 μl of sterile water. Before DNA extraction, all samples were stored at − 20°C. DNA was extracted from all samples using the Zymo Research Soil Microbe DNA MiniPrep kits (Irvine, CA, USA). We empirically determined this procedure was sufficient to extract DNA from fruit and bark samples as well as soil (data not shown). The 600-bp D1/D2 region of the 26 S ribosomal RNA locus was amplified using the NL1 and NL4 fungalspecific primers (Kurtzman and Robnett, 2003) . This locus provides a readily aligned homogeneous PCR product and also provides good signal for community differentiation (Taylor et al., 2014) . Thirty-six different multiplex identifiers were added to the primers to bioinformatically distinguish between samples. Two fruit samples failed to amplify from raw DNA extractions, reducing the total number of samples to 106. PCR products were cleaned with AmpureXP beads to remove all primer dimers, and their quality confirmed with Agilent DNA1000 chips (Santa Clara, CA, USA). PCR products were uni-directionally sequenced on a full plate of a 454 Life Sciences GS FLX instrument by Macrogen (Seoul, Korea).
Data analysis
Sequence handling and processing was conducted with Mothur v. 1.30 (Schloss et al., 2009) . Raw sequences for each sample are present in GenBank (accession number: SRP048520). Initially primers and reads o200 bp were removed, and then lowquality reads and homopolymer errors were identified and removed using the pyronoise algorithm. PCR chimeras were identified and removed using the uchime algorithm. Individual sample identifiers were assigned to the resulting good quality reads, which were then merged and analysed together. Unique sequences were identified and compared with a fungal reference database, and those not assigned to Fungi (6.76% of all unique sequences, 5.75% of reads) were removed. While there will likely be differential genetic diversity within fungal species, empirical studies suggest that multiple species of Ascomycota and Basidiomycota differ by less than 2% at the 26S rDNA gene (Kurtzman and Robnett, 2003; Romanelli et al., 2010) . Thus, the remaining 486 279 reads were aligned against a fungal reference database and clustered into groups that share 498% identity. These are considered as the lowest level of molecular operational taxonomic units (MOTUs) and approximate species. We conservatively removed any 'singleton' MOTUs, those represented by just a single read, from all further analyses. An unequal number of reads were obtained across samples (ranging from 1257 to 8007), and so we re-sampled (rarefied) each community down to Selection regulates fungal community assembly P Morrison-Whittle and MR Goddard the sample with the lowest number of reads to produce a data set with equivalent sampling effort for all communities, and this totalled 133 454 reads. MOTUs were compared with a fungal taxonomic database using a Bayesian approach, and each was classified to all levels above genus with the 'classify. seqs' command in Mothur. Consensus sequences that matched less than 70% at any one taxonomic level were listed as unclassified; the final data set is provided in Supplementary Table S1 .
Statistical analysis
Following Crist et al. (2003) we employed null models to test whether there is evidence to support the idea that any variance in observed species richness is no more than we would expect to see by chance given a random distribution of individuals across our samples. Species richness can be partitioned into α-diversity (the average number of species per sample unit), β-diversity (species richness difference between the average sample unit and the overall species pool) and γ-diversity (the total number of species observed in a defined area). α-and β-diversity was analysed for all three niches across all vineyards independently and compared with α-and β-diversity measures predicted by randomisation simulations. Community null models are typically employed to analyse variation within niches and to our knowledge no analytical tools have been designed to allow inclusion of multiple niches. To verify whether within-niche regional patterns of richness held for overall vineyard richness, we additionally tested whether overall vineyard richness was randomly assembled by pooling species presence from each of the three vineyard niches. Our experimental design, sampling replicate vineyards in replicate regions, allows comparisons of average species richness between vineyards and both their regional and national species richness.
To more comprehensively analyse the effects of niche and geographic location on both community composition (species richness) and community structure (species abundances), we conducted a two-way permutational multivariate ANOVA (Permanova) using a Jaccard (metric Bray-Curtis) community dissimilarity metric (PERMANOVA; Anderson, 2001) . These comparisons were then replicated using a number of other metrics (Bray-Curtis, Euclidean and Manhattan). Permanova tests were also conducted separately with both niche and region as fixed effects, and the BenjaminiHochberg multiple test correction (Benjamini and Hochberg, 1995) was employed to evaluate the suite of results. Variance in community structure described by Jaccard dissimilarities was visualised using principal coordinate analysis in R (R Development Core Team, 2013) and graphed using JMP (SAS Institute Inc, 1989 -2007 . Mantel tests testing for correlations between community dissimilarity and geographic spatial separation were conducted for each niche separately. In addition, since we have sequence data for all taxa, we evaluated communities using weighted-unifrac analysis (Lozupone et al., 2006) . This analysis accounts for species abundances as well as phylogenetic relatedness and uses randomisation to assess the degree to which observed community phylogenetic dissimilarity differs from those expected randomly. All statistical testing was carried out using the vegan package (Dixon, 2003) in R with the exception of weighted-unifrac analysis that was performed in Mothur v. 1.30.
Results
Overall fungal diversity Analyses of the sequences from the replicate soil, vine bark and fruit samples revealed the presence of 3583 fungal MOTUs (herein called species). Taxonomic assignment of representative sequences for each species, by comparison with a fungal reference database, reveals members from five fungal phyla, 24 classes, 59 orders, 104 families and 166 genera (see Supplementary Appendix S1). The Ascomycota dominated comprising 45.3% of all MOTUs, followed by the Basidiomycota with 9.6%. Table 1 shows species richness (i.e., presence/absence) broken down by both niche and region. Species richness significantly differed by niche but not by region (two-way ANOVA, F [2, 89] = 662.471, Po0.0001 and F [5, 89] = 0.942, P = 0.457, respectively). In contrast to evidence for latitudinal patterns in animal communities (Gaston, 2000) , there was no significant correlation between latitude and species richness for our sampled fungal communities in bark, fruit or soil (Bark: Po0.117 and ro0.266, Fruit: Po0.095 The numbers of species in all regions and niches are not the sum of the rows and columns as many species are present in more than one niche and location.
Selection regulates fungal community assembly P Morrison-Whittle and MR Goddard and ro À 0.291, Soil: Po0.954 and ro0.010). While the total number of species in each region was approximately similar (averaging around 1100), there were 9-fold and 4-fold more species in soil and bark than in fruit, respectively. Just 2.1% (76 species, Figure 1a ) of species were found in all three adjacent niches and accounted for 55.1, 93.7 and 37.1% of all reads in bark, fruit and soil communities, respectively. If the number of reads assigned to each species is reasonably assumed to represent taxa abundance, then species abundance approximately follows the typical power law decay distribution seen in communities generally (Bell, 2001) . A breakdown of the abundance of major phyla in all three niches is shown in Figure 1c , and the breakdown over all taxonomic levels is shown in Supplementary Appendix S1. Approximately 84, 72 and 87% of species are unclassified at the genus level in bark, fruit and soil, respectively, indicating the relative extent of uncharacterised fungal diversity in these niches. The diversity of fungal species relative to sampling effort reported here is approximately in line with the only two other studies that employed next-generation sequencing approaches to analyse fungal communities associated with fruit in vineyards: 253 MOTUs in Taylor et al. (2014) and 158 MOTUs in Bokulich et al. (2014) . However, fungal diversity in these 36 NZ vineyard soils appears much greater than estimates from just two Italian vineyards with around 300 MOTUs in Orgiazzi et al. (2012) , but one might expect greater diversity with a greater sampling area. Previous reports of fungal diversity found on vine bark derived from live culture only and yielded just five species (Sabate et al., 2002) ; however, next-generation sequencing of fungal communities from vine leaves reveals around a thousand MOTUs and is thus in line with our inferences from bark here (Pinto et al., 2014) .
Testing for patterns of community differences Our aim was to quantify the relative roles of selective and neutral processes in defining differences in communities, but this aim critically requires that differences exist. We first tested whether any patterns in community composition were evident in these data. The results of our additive diversity partitioning hierarchical null model test revealed that both average vineyard and average regional diversity were significantly lower than expected under a random species distribution across these New Zealand sample sites (Po0.0001; see Supplementary Appendix S2). Consequently, both regional and national β-diversity were significantly different than predicted from random models (Po0.0001; see Supplementary Appendix S2). Average national β-diversity (11.1) is approximately three times greater than average regional β-diversity (3.6), which shows individual communities on average tend to be more similar to other communities within their region than to those of other regions. These patterns of α-and β-diversity hold for each niche separately and for overall vineyard diversity. Together, these results provide support to reject the concept that these communities are assembled randomly, at least in terms of species presence and absence. Permanova analyses also accounting for species abundances revealed that both geographic location and niche significantly affect both community diversity and composition (see Table 2 ). The significance of these effects and their relative R 2 values were stable when this analysis was conducted using a range of different community dissimilarity measures (Bray-Curtis, Euclidean, Manhattan; see Supplementary Appendix S3). These effects can be visualised in the first two dimensions of classic multidimensional scaling of Jaccard dissimilarities, and this is shown in Figure 2 . Reducing the data to include only those species found in all regions (i.e., region-specific species removed) did not greatly affect the P or R 2 values (Po0.0001, R 2 = 0.070), indicating that regional differentiation is not purely a product of region-specific species, but differences in the proportion of shared species. The results of permanova also revealed a significant interaction between both niche and region (see Table 2 ). To dissect this interaction, we explored the 63 possible comparisons of communities between niches within regions, and between regions for each niche. Once multiple-testing correction had been applied, these unsurprisingly revealed differential patterns of regional delineations for niches (see Supplementary Appendix S4), with soil communities displaying the greatest number of significant regional differences. The results of weighted-unifrac analysis also reveal a significant effect of both niche and location on community composition (average niche comparison W-score = 1, Po0.001; average regional comparison W-score = 0.65, Po0.001; see Supplementary Appendix S5). Together, these various tests converge to reveal a significant effect of both niche and geographic location on fungal community composition.
The effect of geographic distance on ecological dissimilarity Mantel correlations between Jaccard community dissimilarities and geographic distance matrices carried out for each niche independently revealed Selection regulates fungal community assembly P Morrison-Whittle and MR Goddard no effect of distance on bark communities, a borderline-significant correlation for fruit, and a significant correlation for soil communities (bark: Po0.111, r = 0.103; fruit: P = 0.050, r = 0.148; soil: Po0.0001, r = 0.355). Within-region mantel tests examining correlations between community and geographic distance for both soil and fruit niches show this relationship breaks down at smaller distances. The average distance between sites within regions is 12 km, and the maximum is around 100 km (see Supplementary Appendix S6). After multiple pairwise test correction, only one of the 18 within region niche-specific community mantel tests reported a significant relationship. This result suggests that 100 km is the cutoff for similarity of fungal communities inhabiting soil and possibly fruit niches.
Quantifying the effects of selection and neutral processes
Having demonstrated the significant effects of both niche and geographic location on fungal community composition, we went on to quantify the relative amount of observed variance in community diversity and composition explained by these factors. The R 2 values derived from permanova analyses allow us to assess this directly. Using community distance metrics based on only the presence/absence of species, geographic location explains an average of 6.1% of the variance in community diversity, but niche explains 27.1% (evaluated using both binary Bray-Curtis and Jaccard). When species abundances are taken into account, the average proportion of the total variation explained by niche was 31.9%, approximately four times the proportion of variation explained by region at just 7.2%. Thus, while both location and niche, and their interaction, appear to have a significant role in defining differences in eukaryotic microbial community diversity and composition, niche of isolation appears to explain at least four times more of the community variance than geographic location. Given this experimental design and analysis this shows that both selective and neutral effects have a role in defining fungal communities, but that selective effects are approximately four times stronger.
Discussion
We sampled fungal communities from three different adjacent niches that are relatively conserved at scales of metres to thousands of kilometres with the aim of quantifying the relative degree to which selective and neutral processes define community composition. Direct sequencing of DNA from these niches reveals approximately the same extent of fungal diversity recovered from similar niches in the handful of other studies that have used this approach (Bokulich et al., 2014; Pinto et al., 2014; Taylor et al., 2014) . These communities are not homogenous; they significantly vary in terms of species richness and community composition, and both niche and geographic location affect this variance. In addition, there is a significant interaction between these main effects, and this is likely driven by the fact that while communities in each niche demonstrate geographic differences overall, the nature of these geographic patterns is slightly different within each of these three niches (see Supplementary Appendix S4). While the extent of latitude covered is relatively small, these data show no significant correlation between species richness and latitude for communities in any niche. This finding aligns with the lack of evidence for latitudinal patterns reported for microbes (Fierer and Jackson, 2006) , and contrasts diversity patterns of macro-organisms (Gaston, 2000; Hillebrand, 2004) . Further, we provide evidence that there is significant distance decay between fungal communities, within at least soils, over distances of about 100 km. This overall result nicely recapitulates patterns revealed from the population genetic analyses of just one species in this community sourced from these same samples: Saccharomyces cerevisiae (Knight and Goddard, 2014) . The recovery of the same patterns at both the species and community level lends confidence to the ability of these data to reveal underlying biological signals. By estimating the relative strength of selective and neutral processes in generating variation in community structure, these results go beyond merely demonstrating that different species are found in different places (either by niche or by geography). Given the individually conserved adjacent niches sampled over varying distances, these data show that communities tend to be more similar by niche than by distance. Selective forces will drive similarities between niches regardless of distance, and a range of neutral forces will drive similarities between geographic locations regardless of niche. Crucially, Selection regulates fungal community assembly P Morrison-Whittle and MR Goddard this means that niche effects may explain approximately one-quarter of the variance in community composition, but only one-twentieth of the variance, four-fold less, may be explained by geographic location. While regionally structured communities have been observed in vineyard communities before (Gayevskiy and Goddard, 2011; Bokulich et al., 2014; Taylor et al., 2014) , this is the first study to estimate the relative strength of selective and neutral processes in defining microbial communities across regional scales for this managed ecosystem. Currently, there are no studies examining whether this pattern holds more broadly across other ecosystems, or at larger scales. Thus, these data start to fill the gap in our understanding of the relative magnitude of the forces that regulate community composition for eukaryotic microbes, which are crucial components of both natural and agricultural ecosystems. While our data show selection is influencing community structure to a greater degree than the neutral processes are, we show the balance of neutral forces is significant. In principle any of the neutral forces of differential speciation, community drift, dispersal limitation or their interaction might underlie the neutral component defining community difference in this system. Our experiment was not designed to tease these apart, and our data do not allow us to do this. Instead here we evaluate the net effect of these processes (within niche variation) compared with selective processes (between niche variation). Our experimental design aimed to capture and control for variation in community structure in response to two separate and frequently co-varying and potentially confounding niche and distance effects. In our attempt to disentangle these effects, we make an assumption that communities residing in the same niche across different locations were exposed to approximately equivalent selection pressures. While vineyard ecosystems are managed and conserved by human design, these are ultimately open ecosystems. It is therefore unlikely that our assumption of ecological equivalence of the various niches across distances was fully satisfied. Of the three niches, soil likely differs most across NZ (Ranjard et al., 2013) . Soil chemistry and physical properties were not controlled for in our sampling design, all of which have been implicated in microbial turnover (Dumbrell et al., 2010; Ranjard et al., 2013) . As a consequence, it is reasonably likely that some of the differences between soil communities in different locations originate as a product of selection, not neutral effects. It seems reasonable that this effect will be lesser for the communities inhabiting bark and fruit as all samples originated from the same clonal variety of plant species. However, selective effects are unlikely to be entirely absent as different soils will likely translate into different plant phenotypes. We also acknowledge that region-specific variation may also have clearly arisen in all niches from climatic differences between regions. A number of environmental gradients exist across New Zealand's regions, such as temperature (although this varies just 2-3 degrees), precipitation rates and UV radiance. However, we feel these considerations do not prevent us from reaching meaningful inferences about the relative strength of the forces regulating these communities overall: if intra-niche community variation is jointly influenced by neutral processes and natural selection to undetected environmental variance, then intra-niche variation will simply represent the maximum limit of the influence of neutral processes. This means we can refine our summary by concluding that the influence of selection is at least four times stronger than neutral forces.
Very little work has been conducted to examine the relative balance of selection and neutral effects on regulating microbial community structure, and this has been largely focused on bacterial communities. However, our findings are in line with previous work by Stegen et al. (2012; , who showed selection is the dominant effect shaping subsurface soil bacterial communities over small distances (o53 m) while neutral forces also have a role; and Bell (2010) who concluded that dispersal limitation had a minor role over distances of under 1 km. Our findings are nicely in line with Dumbrell et al. (2010) who examined arbuscular mycorrhizal fungal communities less than 25 m apart, and concluded that niche partitioning was the primary mechanism regulating the composition and diversity of communities, but these communities are also influenced by neutral processes. Our results are also consistent with studies of larger plants and animals that indicate the influence of both selection and neutral effects on community composition (Turnbull et al., 2005; Farnon Ellwood et al., 2009) . Broadly speaking then, along with other work, our results suggest the primacy of selection as the consistently strongest effect on community regulation over large scales, but show that balance of neutral effects is also important. How this balance changes across different ecosystems for different microbial taxa remains to be seen. While we know that neutral processes can generate variation, we do not know a priori how great this variation is in any ecosystem, and must be measured, not assumed.
The primacy of selection in shaping communities generally gives rise to the prediction that environmental change will have a greater effect on community composition than if neutral forces were the dominant driver of community structure. Humanmediated habitat change and irregular weather events with greater extremes of conditions predicted under climate change models will likely manipulate the nature of selective forces and thus affect macrobial and microbial communities in both natural and managed agricultural ecosystems. However, the absolute speed with which species within these communities adapt to these changes will likely be greater for microbes due to their faster generation times and larger population sizes (Goddard and Bradford, 2003) .
